An enzyme that has both -1,4-glucanase and chitosanase activities was found in the culture medium of the soil bacterium Lysobacter sp. IB-9374, a high lysyl endopeptidase-producing strain. The enzyme was purified to homogeneity from the culture filtrate using five purification steps and designated Cel8A. The purified Cel8A had a molecular mass of 41 kDa, as estimated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. A pH optimum of 5.0 was found for the -1,4-glucanase activity, and pH optima of 5.0 and 7.0 were found for the chitosanase activity. Nucleotide sequencing of the Cel8A gene yielded a deduced amino acid sequence that comprises a 33-amino acid, N-terminal signal peptide and a mature enzyme consisting of a 381-residue polypeptide with a predicted molecular mass of 41,241 Da. The amino acid sequence of the Cel8A, which contains the catalytic module of glycosyl hydrolase family 8, is homologous to -1,3-1,4-D-glucanase from Bacillus circulans WL-12 and endoglucanase N-257 from B. circulans KSM-N257.
Cellulose and chitin are abundant biopolymers found in nature. They are raw materials used in many types of industrial manufacturing. Another biopolymer, chitosan, is obtained by deacetylation of chitin obtained from crab or shrimp shells. The enzymes cellulase (-1,4-glucanase, EC 3.2.1.4) and chitosanase (EC 3.2.1.132) are glycosyl hydrolases that hydrolyze internal -1,4-glycosidic linkages of cellulose and chitosan respectively. Both of these enzymes are widespread in microorganisms such as bacteria and fungi.
The soil bacterium Lysobacter sp. IB-9374, a high lysyl endopeptidase-producing strain, 1, 2) has been found to produce a -lytic protease that is capable of lysing gram-positive bacteria. 3) In characterizing the -lytic protease, we found recently that the bacterium secretes an enzyme that has both cellulase and chitosanase activities into culture medium. Similarly bifunctional enzymes have been isolated from nine microbial strains, and their enzymatic and chemical properties have been well characterized. [4] [5] [6] [7] [8] [9] [10] [11] [12] These enzymes can be divided into two groups on the basis of their hydrolytic activity toward CM-cellulose and chitosan substrates. Enzymes of the first group, which includes chitosanase-cellulase from Myxobacter sp. AL-1, 4) exhibit higher activity on CM-cellulose than chitosan. Enzymes of the second group exhibit higher activity on chitosan than CMcellulose. This group includes chitosanases from Bacillus circulans WL-12, 5, 13) Bacillus sp. KCTC 0377BP, 6) B. cereus S1, 7) B. megaterium P1, 8) Bacillus sp. No. 7-M, 9) Paenibacillus fukuinensis D2, 10) Streptomyces griseus HUT 6037, 11) and Fusarium solani f. sp. phaseoli SUF386. 12, 14) The bifunctional enzymes from Bacillus sp. KCTC 0377BP, 6) B. circulans WL-12, 13) P. fukuinensis, 10) S. griseus, 11) and F. solani 14) have been cloned, sequenced, and classified based on the amino acid sequences of their catalytic modules. The enzymes from the two Bacillus species and P. fukuinensis are members of glycosyl hydrolase family (GHF)-8, and the enzymes from S. griseus and F. solani are members of GHF-5 and -75 respectively. The approximately 30-kDa chitosanase from Myxobacter has been placed into GHF-5 on the basis of its N-terminal amino acid sequence, 15) but its complete amino acid sequence has not yet been determined.
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Materials and Methods
Materials. Carboxymethyl cellulose (CM-cellulose), Avicel, and chitosan (85% deacetylated) were purchased from Sigma-Aldrich (St. Louis, MO). Colloidal chitosan was prepared from 85% deacetylated chitosan according to the method described by Yabuki et al. 16) Chitosan (99% deacetylated) was kindly supplied by Katakura Chikkarin (Ibaraki, Japan). Water-soluble chitosan (40-50% deacetylated), glycol chitosan (about 40% deacetylated), and D-glucosamine hydrochloride were purchased from Wako Pure Chemical Industries (Osaka, Japan). Chitin (from crab shells) was from Nacalai Tesque (Kyoto, Japan). Colloidal chitin was prepared by the method described by Hsu and Lockwood.
17) -DGlucose was from Tokyo Chemical Industry (Tokyo). p-
, cellobiose, cellotriose, cellotetraose, cellopentaose, cellohexaose, chitobiose, chitotriose, chitohexaose, and a chitosan-oligosaccharide mixture (from D-glucosamine to chitohexaose) were from Seikagaku (Tokyo). SP Toyopearl 650M was from Tosoh (Tokyo). Superdex 200 prep grade, SP Sepharose HP, and an electrophoresis calibration kit for molecular mass determination were from GE Healthcare BioSciences (Piscataway, NJ). Other chemicals used were of analytical grade.
Bacterial strains, plasmids, and culture conditions. Lysobacter sp. IB-9374 was cultured aerobically at 30 C in medium composed of 0.25% casein (Wako), 0.25% sucrose, 0.25% polypeptone (Nihon Pharmaceutical, Tokyo), 0.01% KH 2 PO 4 , 0.01% K 2 HPO 4 , and 0.01% MgSO 4 . 7H 2 O (pH 7.2). The Escherichia coli strains used in this study were DH5MCR [F À mcrA Á(mrr-hsdRMS-mcrBC) (80 lacZÁM15) Á(lacZYAargF)U169 deoR recA1 endA phoA supE44 À thi-1 gyrA96 relA1] and JM109 [recA1 endA gyrA96 thi hsdR17 supE44 relA1 À Á(lac-proAB) F 0 (traD36 proAB lacI q lacZÁM15)].
18)
E. coli strains were grown aerobically in LuriaBertani (LB) broth 19) at 37 C. The antibiotics ampicillin (Ap) and neomycin (Nm) were used at 50 and 25 mg/ml respectively. Cosmid vector Lorist6 (Nm r ; Nippon Gene, Tokyo) 20) and the plasmid vector pGEM-T (Ap r ; Promega, Madison, WI) were used to construct a Lysobacter sp. IB-9374 genomic DNA library and gene-specific primers respectively.
Enzyme and protein assays. Cellulase and chitosanase activities were assayed using CM-cellulose and colloidal chitosan (85% deacetylated) as substrates. The reaction mixture consisted of 0.25 ml of enzyme solution and 0.5 ml of either 0.65% CM-cellulose or colloidal chitosan in 75 mM acetate buffer (pH 5.0). The mixture was incubated at 37 C for 10 min, and the reaction was stopped by immersing the reaction tube in boiling water for 3 min. The amount of reducing sugar liberated during hydrolysis of CM-cellulose or colloidal chitosan was determined by the method of Imoto and Yagishita. 21) One unit (U) of activity was defined as the amount of the enzyme that liberated 1 mmol of reducing sugar from the substrate per min with D-glucose or D-glucosamine for CM-cellulose and chitosan substrates respectively as a standard. -Glucosidase and exo-cellobiohydrolase activities were measured at 37 C with 0.1% pNP-Glc and pNP-(Glc) 2 as substrates in 50 mM acetate buffer (pH 5.0). 22) The hydrolysis products of the reactions catalyzed by purified Cel8A were analyzed using cellooligosaccharides (cellobiose, cellotriose, and cellohexaose) and chitooligosaccharides (chitobiose, chitotriose, and chitohexaose). Each reaction mixture contained 0.2 ml of 0.5% substrate in 75 mM acetate buffer (pH 5.0) and 0.1 ml of enzyme solution containing 4.98 or 2.91 U of purified Cel8A for cellooligosaccharide and chitooligosaccharide substrates respectively. After incubation for various lengths of time at 37 C, the reaction was stopped by immersing the reaction tube in boiling water for 3 min.
Hydrolysates from the reactions carried out with CMcellulose or cellooligosaccharide substrates were subjected to thin layer chromatography (TLC) on a silica gel 60 F 254 plate (Merck, Darmstadt, Germany) in a solvent system composed of acetic acid-chloroformacetone-water (7:3:3:1, v/v). 23) To detect sugars, TLC plates were sprayed with H 2 SO 4 -methanol (1:1, w/w), followed by heating at 150 C. 24) Hydrolysates from the reactions carried out with colloidal chitosan or chitooligosaccharide substrates were analyzed by TLC on a silica gel 60 plate (Merck) developed with n-propanol-30% ammonia (2:1, v/v), and amino sugars were visualized with ninhydrin. 25) The effects of various metal ions and inhibitors on cellulase activity were measured by the following procedure: The enzyme (0.28 U in 0.5 ml of 20 mM acetate buffer, pH 5.0) was added to 0.5 ml of the same buffer containing the metal ion or inhibitor. After incubation for 20 min at 37 C, a 0.25-ml aliquot was removed and assayed for enzyme activity as described above, except that the inhibitory effect of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) with glycine methyl ester (Gly-OMe) was measured by the dinitrosalicylic acid method. 26) Protein concentrations were estimated by the Bradford method 27) using a Bio-Rad Protein Assay Kit II (Bio-Rad) with bovine serum albumin as a standard.
During column chromatography, protein elution was generally followed by monitoring the absorbance 280 nm.
Purification of Cel8A. Lysobacter sp. IB-9374 was cultured at 30 C for 145 h. All subsequent purification steps were performed at 4
C. The cells were removed by centrifugation at 31;000 Â g for 20 min, and the supernatant fraction (10.5-liter) was used as the starting material for purification of Cel8A. The supernatant fraction was brought to 50% saturation with ammonium sulfate, the resulting precipitate was removed, and the supernatant was brought to 90% saturation with ammonium sulfate. The resulting pellet was collected by centrifugation and dissolved in 20 mM acetate buffer (pH 5.0) containing 5% glycerol (buffer A), and dialyzed against the same buffer.
The dialyzed solution (126.0 ml) was applied to an SP Toyopearl 650M column (2:5 Â 29 cm) equilibrated with buffer A, and the enzyme was eluted with a linear gradient of 0-0.4 M NaCl in buffer A. The active fractions were pooled and concentrated to 4.7 ml using an ultrafiltration membrane (Millipore PLGC, Billerica, MA). The concentrated solution was then subjected to gel filtration chromatography on a Superdex 200 prep grade column (1:5 Â 80 cm) equilibrated with buffer A containing 0.1 M NaCl. The active fractions were collected, dialyzed against buffer A, and concentrated to 12.0 ml. The enzyme solution was applied to an SP Sepharose HP column (1:5 Â 20 cm) equilibrated with buffer A, and eluted with a linear gradient of 0-0.3 M NaCl in buffer A. The active fractions were collected, dialyzed against buffer A, and concentrated to 2.0 ml. The concentrated solution was applied to a second SP Sepharose HP column (1:5 Â 20 cm) equilibrated with buffer A. The adsorbed protein was eluted with a linear gradient of 0-0.25 M NaCl in buffer A, concentrated to 2.0 ml, and stored at 4 C until use.
Electrophoretic analysis and amino acid sequencing. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed by the method of Laemmli 28) on a 12% polyacrylamide gel containing 0.1% SDS. The N-terminal amino acid sequence was determined by automated Edman degradation using an Applied Biosystems 494 protein sequencer. To determine the internal amino acid sequence, Achromobacter protease I [29] [30] [31] was used to digest reduced S-carboxymethylated Cel8A prepared by the method of Hirs.
32)
The resulting fragments were separated by reverse-phase high performance liquid chromatography on a TSKgel Octyl-80Ts column (Tosoh), and their N-terminal amino acid sequences were analyzed.
Cloning of the cel8A gene. DNA manipulation was performed according to the methods described by Sambrook and Russell. 19) Part of the gene encoding Cel8A was amplified using LA Taq with GC Buffer (Takara Bio, Ohtsu, Japan), and degenerate primers C12
. These primers were designed based on the amino acid sequences of the N-terminus (34-APNYPFG-40) and an internal fragment (361-FFTAP-FA-367) derived from sequencing of purified Cel8A. The reaction mixture contained 10 ml of 2 Â GC Buffer I, 400 mM dNTPs, 300 ng of genomic DNA, 40 pmol of primers C12 and C20, and 1 U of LA Taq DNA polymerase in a final volume of 20 ml. After incubation of the mixture for 4 min at 94 C, the DNA was amplified using 30 PCR cycles. Each cycle consisted of denaturation for 1 min at 94 C, annealing for 1 min at 45 C, and extension for 1 min at 72 C. The amplified 1-kbp fragment was inserted into pGEM-T and sequenced.
After the PCR fragment was confirmed to encode part of Cel8A, two gene-specific primers, gh-F (5 0 -AGC-CATCGCCAGGCCTACGTCAG-3 0 ) and gh-R (5 0 -GC-GTGACCAGCTTGGTGTTGGCG-3 0 ), were designed from the nucleotide sequence of the amplified fragment and used to clone the cel8A gene from a Lysobacter sp. IB-9374 genomic DNA library previously constructed with Lorist6. 1) To prepare the template DNA for PCR screening, about 300 clones from the genomic library were individually cultivated in LB medium with 25 mg/ ml Nm, and the cosmid DNAs were roughly purified without RNase A digestion. PCR was performed under the conditions described above, except that an annealing temperature of 60 C as was used. Cosmids capable of amplifying the 500-bp fragment were screened and used for DNA sequencing. The nucleotide sequence of both strands of the cel8A gene was determined using the dideoxy chain termination method 33) on an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems Japan, Tokyo).
Nucleotide sequence accession number. The DNA sequence encoding the Cel8A enzyme of Lysobacter sp. IB-9374 was deposited in the DDBJ, EMBL, and GenBank databases under accession no. AB244037.
Results

Purification of Cel8A
The typical procedure for purification of Cel8A from the culture supernatant of Lysobacter sp. IB-9374 is summarized in Table 1 . The enzyme was purified by a series of five steps that resulted in an overall yield of 16.3% and a 312-fold increase in specific activity. The purified protein yielded a single band by SDS-PAGE (Fig. 1) , and had a molecular mass of 41 kDa. This value is close to those reported for the chitosanase-glucanase bifunctional enzymes from Bacillus species (40-45 kDa). [5] [6] [7] [8] [9] Direct sequencing revealed that the Nterminal amino acid sequence of Cel8A through amino acid residue 15 is 1-APNYPFGSHRQAYVS-15.
Enzymatic properties of Lysobacter sp. IB-9374 Cel8A
The optimum pH for cellulase activity of the enzyme was pH 5.0, which is the same as that of the approximately 30-kDa chitosanase from Myxobacter. 4) With colloidal chitosan, Cel8A exhibited higher activity at pH 7.0 than at pH 5.0 (Fig. 2) . A similar pH profile with two pH optima (pH 5.0 and 6.8) has also been observed for Myxobacter chitosanase when assayed with chitosan as a substrate.
4) The optimal temperatures for cellulase and chitosanase activity were 40 C and 70 C respectively (Fig. 3) , values similar to the optimal temperatures for Myxobacter chitosanase.
4) The enzyme was most stable at 4 C for 24 h at pH 6.5, and more than 80% of the original activity in a pH range of 5.0-8.0 was retained (data not shown). When incubated at various temperatures (10-70 C) for 30 min in 20 mM acetate buffer (pH 5.0), the cellulase activity was stable at temperatures up to 40 C, and 95% of the activity was lost above 50 C (data not shown). The cellulase activity of the enzyme was slightly increased by the presence of 1 mM Ca 2þ , Mg 2þ , Zn 2þ , or Ba 2þ (Table 2) . It was completely inhibited by the The activity at each pH was expressed as a percentage of maximum activity. The enzyme (0.14 U) was incubated with 0.43% CM-cellulose or colloidal chitosan for 10 min at 37 C in various buffers at 50 mM concentration (pH 3.2-8.0), and the residual activities were assayed under standard conditions. The buffers used were acetate buffer ( , pH 3. presence of 1 mM Hg 2þ , as was observed for the endo--1,4-glucanases from S. griseus HUT 6037 11) and Robillarda sp. Y-20.
34) The enzyme was strongly inhibited by either 1 mM N-bromosuccinimide (NBS) or 0.1 M EDC with Gly-OMe. o-Phenanthroline (1 mM) and PMSF (1 mM) were also inhibitory. PCMB (0.01 mM), monoiodoacetic acid (1 mM), DFP (1 mM), dithiothreitol (0.01 mM), and 2-mercaptoethanol (1 mM) had little or no inhibitory effect. On the other hand, 1 mM EDTA and 1 mM N-ethylmaleimide activated the enzyme. The potent inhibition by 1 mM NBS or 0.1 M EDC with Gly-OMe suggests that tryptophan and carboxylic amino acid residues participate in the catalytic center of Cel8A, like endo--1,4-glucanases from Bacillus sp. KSM-330 35) and Neisseria sicca SB.
24)
Substrate specificity The substrate specificity of Cel8A was determined by analyzing the hydrolysis of CM-cellulose, chitosan, and their derivatives at pH 5.0 at 37 C (Table 3 ). CMcellulose was the best substrate among the substrates tested. Colloidal chitosan, chitosan, and glycol chitosan were also hydrolyzed by Cel8A, but their hydrolysis rates were only 15-40% of that of CM-cellulose. Watersoluble chitosan and colloidal chitin were hydrolyzed only to a small extent. Avicel, pNP-Glc, and pNP-(Glc) 2 were not degraded by the enzyme at all. These results indicate that this enzyme is a bifunctional enzyme that possesses chitosanase activity as well as cellulase activity.
Analysis of the reaction products
To clarify the mode of action of the enzyme, hydrolytic products of CM-cellulose, cellooligosaccharides, colloidal chitosan, and chitooligosaccharides were qualitatively analyzed by TLC. Hydrolysis of CMcellulose after 24 h of incubation yielded a major spot at the position of cellobiose (Fig. 4A) . Cellohexaose was primarily hydrolyzed to cellotriose, with cellotetraose and cellobiose as minor products (Fig. 4B) , but the enzyme exhibited no hydrolytic activity toward cellobiose or cellotriose even after 24 h of incubation (data not shown). Chitobiose was produced as a major product of colloidal chitosan, and chitotriose and chitotetraose The activity at each temperature was expressed as a percentage of the maximum activity. The enzyme was incubated with 0.43% CMcellulose ( ) or colloidal chitosan ( ) for 10 min at various temperatures in 50 mM acetate buffer at pH 5.0, and the residual activities were assayed under the standard conditions. The amounts of enzymes used for the assay of cellulase and chitosanase activities were 0.14 U and 0.075 U respectively. 
The reaction mixture (0.75 ml), which consisted of 0.43% of each substrate and 0.14 U of Cel8A in 50 mM acetate buffer (pH 5.0), was incubated at 37 C. Activity against pNP-(Glc) 1-2 was measured under the conditions described in ''Materials and Methods.'' a Relative activity compared to CM-cellulose. b 85% deacetylated chitosan. c 99% deacetylated chitosan. d Approximately 40% deacetylated chitosan. e 40-50% deacetylated chitosan.
were obtained as minor products (Fig. 5A) . The enzyme hydrolyzed chitohexaose to chitobiose and chitotriose (Fig. 5B) , but was inactive toward chitobiose and chitotriose (data not shown). These results indicate that Cel8A from Lysobacter sp. IB-9374 hydrolyzes only substrates with four or more glucosamine or glucose residues and is therefore an endo-splitting enzyme.
Nucleotide sequence of the cel8A gene Out of about 300 transformants, eight positive clones were obtained. These clones were screened by PCR using the gene-specific primers gh-F and gh-R, and one clone, pGH4-1-24, was sequenced. The resulting nucleotide sequence comprised a 1,242-bp open reading frame encoding 414 amino acids. The N-terminal and internal amino acid sequences obtained from purified Cel8A were localized in the deduced amino acid sequence at positions 34-48 and 349-368 respectively (Fig. 6 ). Using the method described by von Heijne, 36) we assigned residues 1-33 of the polypeptide as the signal peptide. The calculated molecular mass of the remaining 381 amino acids (residues 34-414) was 41,241 Da, which is consistent with the mass of 41 kDa estimated by SDS-PAGE. These results show that Cel8A is synthesized as a precursor protein consisting of a 33-amino acid signal peptide and the mature 381-amino acid Cel8A polypeptide.
The deduced amino acid sequence of mature Cel8A was compared with those of other enzymes using BLAST.
37) The sequence showed homology to GHF-8 enzymes including -1,3-1,4-glucanase (bifunctional enzyme) from B. circulans WL-12 (46.2% identity, GenBank accession no. X52880); 13) endoglucanase-N257 from B. circulans KSM-N257 (45.1% identity, AB059267); 38) chitosanase-glucanase bifunctional enzyme from P. fukuinensis D2 (42.0% identity, AB006819); 10) chitosanase from Bacillus sp. K17 (41.5% identity); 39) and chitosanase (bifunctional enzyme) from Bacillus sp. KCTC 0377BP (41.5% identity, AF334682) 6) (Fig. 6 ). The initiation methionine is numbered as residue 1. Amino acids that are identical between Cel8A and other sequences are shaded in black, and the conserved amino acid sequence of the GHF-8 catalytic module is underlined. Asterisks denote potential catalytic residues. Daggers and double daggers denote the residues involved in substrate binding and recognition respectively in chitosanase from Bacillus sp. K17. 40) Dashes indicate gaps in the sequence alignment.
Discussion
A cellulase with chitosanase activity (designated Cel8A) was purified from Lysobacter sp. IB-9374, a high lysyl endopeptidase-producing strain.
1) Among the substrates tested, CM-cellulose yielded the highest activity. Colloidal chitosan (85% deacetylated), chitosan (99% deacetylated), and glycol chitosan (about 40% deacetylated), were also good substrates for the enzyme, yielding about 39, 27, and 15% respectively of the activity measured with CM-cellulose. Water-soluble chitosan (40-50% deacetylated) and colloidal chitin were hydrolyzed to a small extent (less than 5% of the activity toward CM-cellulose), but Avicel was not hydrolyzed.
The relative activities of the enzyme toward CMcellulose and colloidal chitosan were different from those of the GHF-8 bifunctional chitosanases from Bacillus sp. KCTC 0377BP 6) and B. circulans WL-12, 5) and were similar to those of GHF-5 Myxobacter chitosanase, which has a chitosanase activity that is 40% of its cellulase activity. 4) In addition, the pH and temperature profiles of the cellulase and chitosanase activities of Cel8A were similar to those of Myxobacter chitosanase.
4) The molecular mass (41 kDa) and Nterminal amino acid sequence (APNYPFGSHR-QAYVS-) of Cel8A are clearly different from those of Myxobacter chitosanase, however; the latter enzyme has a molecular mass of about 30 kDa, 4, 15) and an Nterminal amino acid sequence of ASQTPVAKNGQL-TLK-. 15) Furthermore, Cel8A degraded partially Nacetylated chitosan (85% deacetylated) faster than almost deacetylated chitosan (99% deacetylated). This result suggests that GlcNAc residues in partially Nacetylated chitosan are important for effective hydrolysis for chitosan by the enzyme.
The gene encoding Cel8A (cel8A) was isolated from a Lysobacter sp. IB-9374 genomic DNA library, and its complete nucleotide sequence was compared with entries in the GenBank and SWISS-PROT databases. The deduced amino acid sequence was most similar (41-46%) to enzymes of the GHF-8, specially those from B. circulans strains WL-12 and KSM-N257, Bacillus sp. strains K17 and KCTC 0377BP, and P. fukuinensis D2, and had little similarity to other GHFs. Cel8A contained the conserved amino acid sequence ATDGDLDIAYALLLADLQW that typifies the GHF-8 catalytic module (Fig. 6) . The glutamic and aspartic acid residues, which have been confirmed as catalytic amino acids in all members of GHF-8, are conserved in Cel8A (positions 99 and 160 respectively). Recently, three-dimensional analysis of GHF-8 chitosanase from Bacillus sp. K17 indicated that four acidic residues (Glu-107, Asp-179, Asp-183, and Glu-308) play essential roles in the substrate recognition site. 40) Cel8A had Ser-90, Asp-156, Asp-160, and Glu-291 respectively at the corresponding positions (Fig. 6 ), but no acidic residue was present at the position corresponding to Glu-107 in K17 chitosanase. In the substrate binding sites, four aromatic residues (Trp-143, Trp-212, Trp-300, and Tyr-395) were conserved in positions corresponding to Trp-166, Trp-235, Tyr-318, and Phe-413 in the substrate binding site of the chitosanase 40) ( Fig. 6 ), but the substrate specificity of Cel8A clearly differed from that of the chitosanase. 41) Hence sitedirected mutagenesis experiments and analysis of the three-dimensional structure of Cel8A are necessary to obtain more conclusive evidence of the participation of these residues in the catalytic mechanism of Cel8A. These results clearly indicate that this enzyme is a member of the GHF-8. Therefore, Cel8A is the first reported GHF-8 enzyme that exhibits a chitosanase activity that is 15-40% of its cellulase activity.
